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(54) Energy supplementary food. 



(57) Energy supplements are described supplying energy primarily in the form of carbohydrates and 
medium chain triglycerides (MCT), whereby the weigh ratio of carbohydrate : MCT is in the range of 
from 50:0.1 to 1 :5. The energy supplements are preferably substantially free of proteins. 
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This invention relates to a method and composition for treating or preventing en rgy d f icits in people in- 
volv d in h avy physical work or xercis . 

It is generally known that h avy physical w rk or xercise depletes the bodily carbohydrate (glycogen) 
stores thereby limiting work or performance capacity. 
5 A reduction of carbohydrate stores as well as of blood glucose levels can effectively be counteracted by 
oral supplementation of a readily available energy source such as carbohydrate having a fast absorption rate 
and good metabolic availability, i.e. which oxidises during exercise after oral intake. 

It is these days general practice to ingest as much as possible carbohydrates in a liquid form when per- 
forming heavy physical exercises. There are however limitations and drawbacks to the supplementation of liq- 
10 uid carbohydrates. One of the limitations is the phenomenon that even though a high level of supplementation 
can be achieved, only part of the exogenous carbohydrates (in general less than 50 %) is oxidised during exer- 
cise. It is therefore desirable additionally to supply another energy source. Proteins are unsuitable for supple- 
mentation during exercise, since this gives rise to ammonia production and results in reduced performance. 
It would therefore appear indicated to supply fat as an additional energy source. Also, if a lot of carbohydrate 
15 is supplied during exercise, the fat metabolism becomes suppressed. This may lead to an over-use of endo- 
genous carbohydrate, which may enhance depletion of the glycogen stores in an early part of the exercise 
event and thus to a decrease of performance. Accordingly, another reason why fat supplementation appears 
indicated is to stimulate fat oxidation and thus counter the mentioned side effect of carbohydrate supplemen- 
tation. 

20 Howeverrfat^upplementation-to-people-involved- 

backs. 

The absorption of fat in the intestine is complicated, involving the lymph system and transformation to li- 
poproteins, and consequently slow. This has an immediate effect on the gastric emptying (GE) of the fat con- 
taining solutions as a feed back mechanism from the small intestines immediately regulates the gastric emp- 
25 tying to pace the absorption and as a result, limits the availability of fluid and energetic nutrients. It is the ob- 
jective of the present invention to provide an energy source having the theoretical advantages of fat supple- 
mentation but which energy source is rapidly absorbed and does not delay gastric emptying, and which con- 
sequently maximises energy delivery and availability. 

It has now been found that medium chain triglycerides (MCT) meet such requirements. 
30 The term MCT as used herein relates to triesters of glycerine with fatty acids, particularly saturated fatty 
acids, having a chain length of from 6 to 12, preferably of from 8 to 10 carbon atoms. For sensoric and phys- 
iological reasons the triglycerides are predominantly triglycerides with capryiic and/or capric acid or mixtures 
thereof; preferably the MCT employed consist for at least 99 % by weight of capryiic acid triglyceride, capric 
acid triglyceride or mixtures thereof. 
35 The invention accordingly provides energy supplements comprising carbohydrates and MCT in a weight 
ratio in the range of from 50:0.1 to 1:5, more preferably of from 10:0.5 to 5:1 of carbohydrate: MCT. 

For the above-mentioned reason such energy supplements are preferably substantially free of protein. Any 
proteins present in the energy supplement of the invention will preferably not supply more than 10 %, more 
preferably less than 1 % of the total caloric amount of the supplement. Proteins suitable for use in the supple- 
40 mentof the invention are nutritionally acceptable proteins, in particular such suitable for incorporation in liquid 
supplements, such as milk proteins and protein hydrolysates including poly- and oligopeptides, whereby the 
term oligopeptides as used herein refers to peptides of at least 4, preferably at least 6 amino acids. 

In typical compostions of the supplement according to the invention, the carbohydrates provide for 50 to 
90 %, the MCT for 1 to 50 % and the protein for 0 to 1 0 % of the total energy supply of the supplement 
45 Carbohydrates suitable for use in the supplement of the invention include any digestible carbohydrate 
source such as starch, soluble starch, starch hydrolysates, maltodextrine, glucose polymers, glucose, fructose, 
lactose, maltose, dried glucosesirup and the like. 

Particularly suitable carbohydrates from the physiological point of view, have a low dextrose equivalent 
(DE) index number, i.e. have a low content in glucose and maltose. Preferably said carbohydrates have a DE 
50 number of from 20 to 2, more preferably from 6 to 2. 

However, where the composition is in drinkform or in a (dry orliquid) concentrate form, which after dilution 
with water gives a drinkable form, part of the digestible carbohydrat source employed will be conv niently 
in digestibl starch form, to stabiliz th MCT F r that purpose, the starch to be added may b in native or 
pre-cooked form r in physiological or chemical modifications thereof; for process technical reasons the starch 
55 is preferably in pre-cooked form or in th form of nutritionally acceptabl , physiological and/or chemical mod- 
ifications th r of. The amount of starch to be employed will conveni ntlybes lected such, that it results in a 
physically acceptable composition, i.e. a composition having satisfactory shelf stability when in (liquid) con- 
centrate or drinkabl f rm, and which has - when in drink form - a viscosity suitable for drinking. It will be ap- 
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predated that this amount may accordingly, vary within wide ranges depending i.a. on the MCT content of th 
supplement, the pr senc of proteins and the desired en rgy supply of the drink per volume unit. The optimum 
amount of starch to be mployed will i.a. dep ndonth starch type and can be determined empirically by stan- 
dard tests by a person skilled in the field. Thus for example for the composition according to Example 2, here- 

5 inafter, which comprises 14.29 % by weight of MCT oil and which is intended for dilution of 30 g composition 
(supplement) in 200 ml of water, the amount of pre-cooked maize starch to be employed should conveniently 
lie within a range of from 30 to 100 % by weight of the MCTamount employed. Accordingly, in the supplement 
of Example 2, hereinafter, the amount of pre-cooked maize starch employed may vary from about 5 to 15 g 
starch per 100 g of supplement. 

10 The supplements of the invention may comprise vitamins, minerals, trace elements, water, flavouring ele- 
ments or other nutritional supplements such as amino acids, dipeptides and tripeptides. They may be in liquid 
form or solid form. Suitable examples of solid forms include energy bars or dry forms for dilution to drinkable 
forms. The supplement will preferably be in drink form, or in a dry or liquid concentrate form which after dilution 
with water, gives a drinkable form. 

is Supplements according to the invention in drink form or in a concentrate form for dilution with water will 
conveniently contain emulsifiers. 

Where commercial available drinks containing a substantial amount of proteins are relatively unproblemat- 
ic both in terms of production as in terms of stability of the drink, it is necessary to take special measures for 
the production of a drink according to the invention. Indeed the supplement of the invention is substantially 

20 free of"profeins, and"lacks~thererore a component"(such as protein)"tlTatwn~bind"the"MCT u to form stabiiised" 
emulsions in water. 

It is accordingly, an objective of the invention to provide a supplement containing primarily (hydrophilic) 
carbohydrates and (lipophilic) MCT as energy sources that is sufficiently stable, i.e does not lead to fat sep- 
aration shortly after dilution with warm or cold water. 
25 It has been found that drink forms having satisfactory stability, can be obtained by incorporating into the 
supplement - in addition to the starch referred to hereinbefore - lecithin and monoglyceride emulsifiers. 

The lecithin emulstfier - to be employed in combination with monoglyceride - will conveniently have suf- 
ficient lipophilic properties to bind the MCT and sufficient hydrophilic properties to form emulsions having sat- 
isfactory stability. Suitable lecithins will, in general, have a hydrophilic-lipophilic balance (HLB) in the range of 
30 from 2 to 12. 

Examples of suitable lecithin sources for use in the supplement of the present invention, are soja and egg 
yolk. In the process described in Example 2 hereinafter, the soy lecithin Natin E (from Natterman Phospholipid 
GmbH - Koln) gave good results. 

The lecithin will conveniently be employed in an amount of from 5 to 15 % by weight of the amount of the 
35 MCT employed. 

The monoglycerides to be employed as emulsifier will preferably be substantially free of di- or triglycerides. 
More particularly they will have a monoglyceride content of at least 99 %. Monoglycerides of sufficient purity 
can be obtained by vacuum distillation. 

The amount of monoglyceride preferably contained in the supplements of the invention when intended for 
40 use a drink, will lie in the range of from 1 to 3 % by weight of the amount of MCT employed. 

The content of electrolyte, if present, is preferably selected such that the drink form, or the drinkable form 
obtained after dilution with water, does not exceed the following amounts in mg/liter: 





chloride 


2000 mg/l 


45 


sodium 


2000 mg/l 




potassium 


400 mg/l 




calcium 


300 mg/l 


50 


magnesium 


200 mg/l 



In sport drinks, the I ctrolyte content should pr f rablynotexce d the following I v Is in mg/l it r: 

55 
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chlorid 


1500 mg/l 


sodium 


1100 mg/l 


potassium 


225 mg/l 


calcium 


225 mg/l 


magnesium 


100 mg/l 



and lies preferably in the range of from 

500 to 1500 mg/l for chloride 

400 to 1100 mg/l for sodium 

120 to 325 mg/l for potassium 

45 to 225 mg/l for calcium 

10 to 100 mg/l for magnesium. 
The drink form or drinkable forms of energy supplements according to the invention, conveniently com- 
prises from 5 to 100 g carbohydrate, from 1 to 40 g MCT and from 0 to 20 g protein per liter. 

Any vitamins added to the supplement according to the invention are preferably in amounts according to 
national food legislation. 

The-supplements-accordinq-to-theJnventton.may_be.obtalned_in_co nventional manner resp. as described 

in the examples hereinafter. 

The drink powder according to the invention, is conveniently obtained by adding a mixture of lecithin and 
monoglyceride in the MCT to an aqueous solution of the digestible carbohydrates and lecithin and the mixture 
homogenised and dried. 

Optional adjuvants of the composition such as minerals, vitamins, flavouring agents, amino acids, di- and 
tri peptides may be included into the aqueous or oily phase depending on whether they are hydrophilic or lipo- 
philic resp. in conventional manner. 

The oily and aqueous phase are preferably pre-heated. A suitable temperature is in the range of from 50° 
to 90°C. 

The homogenisation may be effected in a manner known perse, e.g. by spray drying. 

The thus obtained powder is preferably agglomerated. This can be done in a manner known per se. Ac- 
cording to a preferred embodiment of the invention, the spray dried powder is agglomerated in a fluidised bed. 
For that purpose, the spray dried product is conveniently mixed with a nutritionally acceptable release agent 
such as tri-calcium phosphate prior to agglomeration. The amount of release agent to be added should be suf- 
ficient to avoid sticking of the product to the wall of the agglomerator, which will, in turn, depend on the par- 
ticular composition of the supplement The optimum amount of release agent to be employed may be deter- 
mined by pilot tests. In general, satisfactory results are obtained when employing release agent in amounts of 
from 0. 1 to 1 .0 % by weight of the supplement. 

The invention provides also the use of MCT to optimise the availability of fluid and energetic nutrients in 
men involved in heavy physical work or exercise and supplied with carbohydrates. 

The following examples illustrate the invention. Percentages are by weight unless specified otherwise. 
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Example 1 : Supplement 1 



10 



15 



20 



Compositi n p r liter 
solution 



Carbohydrate 

MCT 

Protein 

Sodium 

Potassium 

Chloride 

Magnesium 

Calcium 



Vitamins" 



120 g 
25 g 

600 mg 
150 mg 
600 mg 
100 mg 
100 mg 



-ISQ-mgr 



Example 2 - Drink Powder 
25 a) Composition 



30 



35 



40 



45 



50 



55 



MCT oil 


14.29 % 


Maltodextrin 20 DE 


70% 


Pre-cooked maize starch 


9.05% 


Monoglycerides 


0.28 % 


Soy lecithin 


1.42% 


tri-Calcium phosphate 


0.50 % 


Mineral premix 


2.43 % 


Vanillin 


0.03 % 


Water 


2.00 % 



100 g of the drink powder composition as given in Example 2 supply, 483 kcal; 149 kcat thereof (or 30.8 
% of the energy supply) in the form of fat calories and 334 kcal (69.2 % of the energy supply) thereof in the 
form of carbohydrate calories. 

b) Production Process 

10 kg of demineralised water are heated to 40°C. 0.71 kg of soy lecithin are heated to 40°C and mixed 
with the pre-heated water in a colloid mixer (pre-mix I). 

70 kg of maltodextrin 20 DE, 9.05 kg pre-cooked maize starch and 2.43 kg mineral premix are added to a 
planetary agitator containing 120 kg of demineralized water of 30°C and the mixture is stirred till all components 
ar in solution (pre-mix II). 

To 14.29 kg of MCT-oil heated to 70°C ar car fully mixed with 0.71 kg f soy lecithin and 0.28 kg f mon- 
oglyceride till a clear melting is formed (pr -mix III). 

Pre-mix I (at 40° C) is mixed into pr -mix II (at 30° C) and the mixture heat d to 70° C (pre-mix IV). 

Pre-mix III (at 70° C) is then quickly mix d into pre-mix IV (at 70° C) and the thus obtained mixture homo- 
genised in a 2 -step piston homogeniser at 170/30 bar. 

The homogenisate is air dried in a spray drier with disk at an air inlet t mp rature of 155-165° C and air 
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outlet temperature of 80-90° C. The dried product is then mixed in the spray dri r with disk 0.5 kg of tri-calcium 
phosphate. The spray powder is then immediately thereafter agglomerated in a f luidised bed. 

30 g of th thus obtained agglomerat d product can readily be mixed and dissolved into 200 ml of cold or 
warm water. The drink remains stable - i.e. does not show fat separation - for more than 1 hour. 

5 

Example 3 - Clinical Experiment 

a) Short description of the experiment 

10 Nine healthy male volunteers (age 24 ± 3 years); body weight 73 ± 5 kg; height 1 83 ± 6 cm, mean ± standard 

deviation (SD) with no history of gastrointestinal disease and all familiar with gastric intubation and testing were 
asked to participate in 4 gastric emptying (GE) test. Gastric emptying tests were performed with the double 
sampling technique as described by George and Beckers, with phenol red as non-absorbable indicator. On 
every occasion they consumed a test meal consisting of MaIdex R (DE 20) (Amylum) with different concentra- 

15 tions of MCT (Estasan R GT 8-60, 3 % C6, 50-65 % C8 and 35-45% C10) (Table 1). The order in which test 
meals were given was randomised and blind for the subjects. 

b) Daily protocol 

20 Subjects arrived atrthe laboratory after anovernight fast where-a-nasogastric tube (Vygon-siliconegastrG- 

duodenal tube, Levin type, CH 14) was placed. The stomach was emptied and rinsed until no further residue 
was obtained and a recovery test was performed for control of the positioning of the tube. A bolus of 8 ml/kg 
body weight (average 585 ± 42 ml) of one of the test meals was administered via the tube, mixed with whatever 
gastric contents, and an initial sample was taken so the present gastric contents could be accounted for. Sam- 

25 pies for the determination of GE were taken at 10 min. intervals for 90 min. following George's technique. Meal 
temperature was kept constant at 20°C. The experiments where performed in rest and subjects were sitting 
in a chair during the whole test. As there is no difference in gastric emptying between rest and exercise up to 
70 % V0 2 max, it was not considered necessary to conduct these experiments during exercise. Phenolred 
measurements and calculation of gastric contents and residual meal were performed according to Beckers. 

30 Gastric samples were centrifuged for 1 0 min. at 40000 g before analysing for phenolred to overcome the prob- 
lem of cloudiness in the samples due to the MCT. Successive tests were at least 48 hours apart. 

c) Calculations and statistics 

35 As a measure of GE rate t /2 was calculated from a simple exponential curve fit (f=2- WQ) using Biomedical 
Computer Programs, p-series (BMDPar). 

For comparison of results ANOVA was performed. 

d) Results: 

40 

Table 2 represents the t^-values for the individual subjects as well as the average and SD. The average 
gastric emptying curves as the percentage of the original bolus left in the stomach was depicted against time. 
ANOVA (one factor, repeated measure) of the data showed a highly significant difference in emptying rate (p- 
value = 0.0008). According to the Fisher PLSD test this difference is significant between dr1 and dr4, dr2 and 
45 dr4 and dr3 and dr4. (Table 3). 
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Drink 1 


Drink 2 


Drink 3 


Drink 4 


MCT 


gr/100 ml 


2.40 


1.60 


0.80 


0.00 


Maldex 20 


gr/100 ml 


12.22 


14.04 


15.85 


17.66 


Fat 


Energy % 


30 


20 


10 


0 


CHO 


Energy % 


70 


80 


90 


100 


NaCI 


mmol/l 


20 


20 


20 


20 


Osmolality 


mosm/kg 


174 


198 


222 


251 



Table 1 



15 


Subject 


Drink 1 


Drink 2 


Drink 3 


Drink 4 






1 


11.3 


21.9 


24.5 


29.0 






2 


22.9 


27.3 


35.1 


26.4 




20 


3 


25.5 


24.9 


30.3 


25.6 






4 


25.7 


25.1 


36.8 


49.7 






5 


25.0 


29.8 


19.9 


45.8 




25 


6 


19.7 


20.2 


20.0 


34.9 






7 


22.2 


31.0 


30.1 


38.8 






8 


19.7 


19.4 


19.9 


30.1 




30 


9 


37.0 


16.3 


30.5 


42.3 




Average 


23.2 


24.0 


27.5 


35.8 






St Dev 


6.8 


4.9 


6.6 


8.8 






SEM 


2.3 


1.6 


2.2 


2.9 




35 


Table 2 
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One Factor ANOVA-Repeated Measures for X| ... x 4 



Source: 


df: 


Sum of Scuares: 


Mean Scuare: 


F-teSt: 


P vaiue: 


Between subjects 


8 


621.532 


77.692 


1.157 


.3595 


Within subjects 


27 


1812.46 


67.128 






treatments 


3 


901.743 


300.581 


7.921 


.0008 


residual 


24 


910.717 


37.947 






Total 


35 


2433.992 









Reltaoility Estimates for- All treatments: .136 Single Treatment: .038 



Significant at 95% 



-dr— 1-vs-dr— 2 


-.767 


5^994 


.023 


.264 


dr 1 vs. dr 3 


-4.233 


5.994 


.708 


1.458 


dr 1 vs. dr 4 


-12.622 


5.994* 


6.298* 


4.347 


dr 2 vs. dr 3 


-3.467 


5.994 


.475 


f.194 


dr 2 vs. dr A 


-1 1.856 


5.994* 


5.556* 


4.083 



Comparison: 



Mean our.: 



Fisher PISO: 



Schef fe F-test: Dunnett t: 



dr 3 vs. dr 4 



-8.389 



5.994* 



2.782 



2.889 



Significant at 95 8 



Table 3 



Claims 

1. An energy supplement comprising carbohydrates and MCT in a weight ratio in the range of from 50:01 to 
1 :5 of carbohydrate: MCT. 

2. The supplement according to Claim 1, wherein the weight ratio carbohydrate: MCT is in the range of from 
10:0.5 to 5:1. 

3. The suppl ment according to Claims 1 and 2, in which the carbohydrates provide for 50 to 99 %, the MCT 
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for 1 to 50 % and th protein for 0 to 1 0 of the total nergy supply of the supplement. 

The supplement according to Claims 1 to 3 wh rein the triglycerides are predominantly triglycerides with 
caprylic and/or capric acid or mixtures thereof. 

The supplement according to Claim 4 wherein the MCT consist for at least 99 % by weight of caprylic acid 
triglyceride, capric acid triglyceride or mixtures thereof. 

The supplement according to Claims 1 to 5, wherein the carbohydrates have a DE of from 20 to 2. 
The supplement according to Claims 1 to 6, wherein the carbohydrates have a DE of from 6 to 2. 
The supplement according to Claims 1 to 7 in solid form. 

The supplement according to Claims 1 to 7, in drink form or which after dilution with water gives a drinkable 
form. 

The supplement according to Claim 9 wherein part of the digestible carbohydrate source is in digestible 
starch form. 

-The-supplement-according-to-Claim^O^ or 
nutritionally acceptable physiological or chemical modifications thereof. 

The supplement according to Claim 11, comprising a nutritionally acceptable lecithin emulsifier and a nu- 
tritionally acceptable monoglyceride. 

The supplement according to Claim 12, wherein the lecithin emulsifier has a HLB in the range of from 2 
to 12. 

The supplement according to Claims 12 and 13, wherein the lecithin emulsifier is obtained from soja or 
egg yolk. 

The supplement according to Claims 12 to 14, comprising lecithin emulsifier in an amount of from 5 to 15 
% by weight of the MCT content. 

The supplement according to Claims 12 to 15, wherein the monoglyceride is substantially free of di- and 
tri-glycerides. 

The supplement according to Claim 16, wherein the monoglyceride material employed has a monogly- 
ceride content of at least 99 % by weight. 

The supplement according to Claims 10 to 17, wherein the monoglyceride content is 1 to 3 % by weight 
of the MCT content. 

The supplement of Claim 18, comprising a nutritionally acceptable release agent 

The supplement of Claim 19, wherein the release agent is tricalci urn phosphate. 

The drink form or the drinkable form obtained after dilution with water according to Claims 9 to 20, in which 
the content of electrolyte does not exceed the following concentration: 





chloride 


2000 mg/l 


50 


sodium 


2000 mg/l 




potassium 


400 mg/l 




calcium 


300 mg/l 


55 


magnesium 


200 mg/l 



22. 



The drink form or drinkable form according to Claim 19 in which the cont ntof electrolyt d snot xceed 
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the following concentrati n: 



chloride 


1500 mg/l 


sodium 


1100 mg/l 


potassium 


225 mg/l 


calcium 


225 mg/l 


magnesium 


100 mg/l 



23. The use of MCT to optimise the availability of fluid and energetic nutrients in men involved in heavy phys- 
ical work or exercise and supplied with carbohydrates. 

24. The use of MCT for the manufacture of a nutritional supplement for men involved in heavy physical work 
or exercise and supplied with carbohydrates to optimise the availability of fluid and energetic nutrients. 

25. The method of optimising the availability of fluid and energetic nutrients in men involved in heavy physical 
work or exercise and supplied with carbohydrates, which comprises administering in association with the 

carbohydrates-and-effective-amount-Gf-MGT^ . . 



26. The drink form or drinkable form according to Claims 9 to 22 comprising from 5 to 1 00 g carbohydrate, 
from 1 to 40 g MCT and from 0 to 20 g protein per liter drink. 
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